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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the amount of line 
correlation noises by making an image receptor include an 
active area and first/second referring zones and allowing 
the referring zones to prevent a pixel element 
corresponding to a raster line from receiving image 
information. 

SOLUTION: A flat panel image receptor 26 is positioned in 
an active area 30 and the first/second referring zones 32 
and 34 come into contact with both sides there. Plural 
raster lines 36 are extended across the receptor 26, the 
beginning of each raster line is included in the first zone 32, 
the center part of it is in the area 30 and the end of it is 
included in the second zone 34. The zones 32 and 34 are 
positioned substantially at a right angle to the raster line 36 
to mask the collision of an X-ray beam onto a raster line 
element under it or to mechanically block or prevent the 
collision, in addition. 
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c » m m m m m i 

X-RAY IMAGING DRVTrF 

Hie present invention relates to x-ray imaging devices. It finds particular application in 
conjunction with a method for ieducin S video line noise from an image receptor 
associated with a diagnostic imaging system, and win be described with particular 
reference thereto. However, it should be appreciated that the present invention may also 
find application in conjunction with other types of imaging systems and applications 
where reducing video line noise is desirable. ' 

The sensitivity of all x=ray image detector devices, including flat panel image sensors or 
receptors, is limited by noise, i.e.. random fluctuations in signal that are competing with 
data or other information that represents or otherwise defuies a captured image. One type 
of noise that is characteristic of some flat panel image receptors, such as amorphous 
Silicon-based, flat panel, image receptors, is line correlated noise, line correlated noise 
can be defined as random fluctuations that affect a whole raster line of a video frame in 
a manner that causes all the picture elements ("pixels' 1 ) of a raster line to commonly 
deviate from their actual captured image values. 

"Die manifestation of line correlated noise in a video image displayed on a video monitor 
is stripes that fluctuate in intensity across the width of the image. This is an undesirable 
effect that is highly distracting to medical personnel, such as physicians, using The 
imaging system to perform critical work, such as live interveutional procedures. 
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There are known image processing techniques, generally referred to as blacklevel 
clamping or line noise clamping, for reducing the amount of line correlated noise 
generated in image receptors. These techniques rely on a single, vertically elongated 
(i.e., pcrpendtadar to the image raster lines), clamp or reference zone along either side 
edge of an image frame or array that is "blacked out" from receiving or capturing image 
information. The image inform aiion can be visible light in the case of a video camera, 
or the light output from a scintillator screen, in the case of a fluoroscopy system. 

The "blacked-out" reference zone is a predetermined number of pixels wide (typically 1 
to 256 pixels in length). The only output signals or "information" received from the 
pixeb within the "blacked- out" reference zone is random noise and line correlated noise - 
me same line noise that affects the pixels in the exposed or "active" region of the image 
receptor. 



Line noise cancellation involves calculating the average output value of the reference 
pixels for each rascer line of each video frame to average out the random noise 
fluctuations of each reference pixel, and to yield the error introduced in that particular 
raster line by line noise alone. The resulting error value is then uniformly subtracted 
from each of the "active" pixels in the corresponding raster line prior to being displayed 
on a video monitor. 



The known blacklevel clamping or line noise clamping techniques neglect the fact that, 
for some image receptor implemeuiations, line correlated noise may not be uniform 
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across the entire raster line. Thar is, the line correlated noise that is summed with the 
received or sensed ima*e information may have a random slope or random profile across 
the image width. In these cases the conventional clamping techniques will not yield 
satisfactory results, as the calculated error due to line noise will only be valid in or near 
the reference zone. Thus, known biacklevel clamping or line noise clamping techniques 
yield imperfect line noise cancellation in those image acquisition systems where line 
correlated noise has a non-unifonn profile across an image width. 

In accordance with ooe aspect of the present invention, a mescal diagnostic imaging 
device is disclosed.. The medical diagnostic imaging device includes a source for 
generating x-rays, an linage receptor for receiving the x-rays, and an image processing 
subsystem for processing a raster line of image data received from the image receptor. 
The image receptor includes an active area, a first reference zone bounded on a first side 
of the active arcc, and a second reference zone bounded on a second side of the active 
area opposite to the first side. Tne reference zones prevent image information from being 
received by corresponding pixel elements of the raster line. 

In accordance with another aspect of the present invention, a method of compensating for 
non-uniform line correlated noise generated in an image receptor associated with a 
medical diagnostic imaging device is disclosed. The medical diagnostic imaging device 
includes a source for generating x-rays, and the image receptor receives the x-rays and 
generates a raster line of image data. The method includes averaging the outputs of a 
fust plurality of raster line pixels and a second plurality of raster line pixels; deterniimng 
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an interpolated offset value for a raster line pixel based on i) the average output values 
of tie fust plurality and second plurality of raster line pixels, and ii) the location of the 
pixel within the raster line; and modifying the output value of the pixel based on the 
interpolated offset value. 



Ways of carrying out the invention will now be described in detail, by way of example, 
with reference to the accompanying drawings, in which: 

Figure 1 is a perspective view of an exemplary diagnostic imaging system which 
incorporates the features of the present invention therein; 

Figure 2 is a diagrammatic bottom view of a flat panel image receptor associated with the 
diagnostic imaging system of Figure 1; and 

Figure 3 is a simplified block diagram uf the imaging system of Figure 1. 

With reference to Figure 1 , an exemplary diagnostic imaging system A includes a support 
member 10 having an x-ray source 12 and an x^ray detector 14 secured thereto. The 
support member 10 can be a C-arm. and the x-ray source 12 and detector 14 can be 
secured proximate opposing ends of the C-arm via cantilevered support brackets 16, 18, 
respectively. The C-arm can be counterbalanced with upper and lower counterweights 
20, 22 extending from the respective ends of the C-arm. It is also contemplated that the 
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x-ray source 12 and detector 14 can be positioned within or proximate a bore of a 
diagnostic imaging device such as a CT scanner. 

The detector 14 includes a housing 24 which supports a flat panel image receptor or array 
of image receptors 26. The flat panel irnaga receptor 26 includes a planar substrate such 
as glass laminated with an array of sensors such as amorphous Silicon crystals. The flat 
panel image receptor 26 utilizes direct x-ray detection whereby x-rays axe absorbed in a 
semi-conductor matrix, such as Selenium, Lead Sulfide, Cadmium Zinc Telluride, or 
JLead Iodide, and then converted directly to an electrical charge which is theu 
accumulated by the amorphous Silicon matrix. The electrical charge can be read out 
from a row/column matrix and then converted to digital data. 

Alternatively, the flat panel image receptor 26 can utilize indirect x-ray detection 
whereby x-rays are absorbed in a scintillating phosphor layer, such as Gadolinium 
Oxysulfide, Cesium Iodide, or Cadmium Tungstate, and then convened to light. An 
array of photodiodes on the glass substrate convert the light into electrical signals. The 
electrical signals are read out of a row/column matrix that is accessed using thin film 
transistor switches on the amorphous Silicon substrate. The analogue rfata is then 
converted to a digital format. Suitable amorphous Silicon-based flat panel x-ray detectors 
are described, for example, in U.S. Patent Nos. 5,079,426; 5,117,114; 5,164,809; and 
5,262,649. 
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The flat panel image receptor 26 constitutes an input componem to an image processing 
subsystem 28. The image processing subsystem 25 generally assembles and transmits an 
acquired or captured image or a sequence of images (in the case of fluoroscopy imaging) 
to one or more video monitors 29 (Figure 3). In addition, the subsystem 28 can employ 
scan converters for the image data so as to r for example, transmit assembled images to 
a laser transparency printer for radiographic recording, or to electronically store the 
media for archival purposes. The radiographic images that have been transferred to film 
can be displayed on a radiography viewing device such as a conventional light box (not 
shown). 

Referring now to Figure 2, the flat pane] image receptor 26 as described above, is 
partitioned into an active region or area 30 bounded on cither side by first and second 
reference zones 32, 34. A plurality of raster lines 36 extend across the receptor 26 such 
that the beginning of each raster line falls within the first reference zone 32, the central 
portion of each raster line falls within the active area 30, and the end of each raster line 
falls within the second reference r.one 34. 

The reference zones 32, 34 are positioned substantially normal to the raster lines 36 and 
serve to mask or otherwise mechanically block or prevent light or x-ray beams from 
impinging upon the underlying raster line elements. The width of each reference 7,one 
32, 34 may vary to prevent image information from impinging upon any number of 
underlying raster line elements, typically up to about 256 elements. It should be 
appreciated that by "blacking-out" the first and second reference zones 32, 34, the only 
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output signals or "information" received from the underlying raster line elements within 
the "btacked-ouf reference zones is random noise and line correlated noise - the same 
Hne noise that affects the raster line elements in the exnosed or active region 30 of the 
image receptor 26. 

Referring now to Figure 3, the image processing subsystem 28 receives analogue or 
digiral video data from the image receptor 26 or other upstream imaging process, in a 
standard raster pattern on one or more output lines 3$. The video data from the image 
receptor 26 is accompanied by frame, line anoVor pixel synchronization signals on one 
or more control lines 40. It should be appreciated that the dual reference blacklevel 
clamping device of the present invention can be implemented in hardware, software, 
firmware, or any combination thereof. 

As a raster line of video data is piped into a temporary storage buffer or memory 
addresses 42 the outputs of the first pixels in the raster line are sampled and averaged 
44, with the resulting average value being stored in a start^of-line (SOL) error buffer or 
address location 46. Further, the outputs of the last N pixels in the raster line are 
sampled and averaged '42, and the resulting average value stored in an end-oMine (EOL) 
error buffer or address location 4$ (where N is equal to the number of pixel elements 
within the reference zone(s)). It is contemplated that the width of one reference zone can 
vary from the width of the other reference zone. 
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Once the error values for the first and second reference zones are calculated and stored 
in the respective buffers/addresses 46, 48. the rasier line stored in buffer/memory 
addresses 42 is sent to a downstream process such as the display monitor 29. As each 
pixel (?) of the stored raster line is clocked out of the buffer/memory addresses 42, a 
calculated error value (P^) is subtracted 50 from the pixel (P), The error value (P^) 
is determined 52 by linear interpolation between the s tart- o Mine (SOL) and end-of line 
(EOL) error values, talcing the distance of the current pixel (?) from the start and end of 
the raster line into account. 



In ihe preferred embodiment, the error value (P^) is calculated from: 

Pev = SOLgj^ * ((p-P)/p) 4- EOL^^ * (P/p), 

where P is the present pixel; p is the number of pixels forming the raster line; SOL^^ 
is me start-of-line error value stored in buffer/memory address 4d; and B.01^ 0fi is the 
end-of-line error value stored in buffer/raejnoiy address 48. It is contemplated that other 
formulas can be used to determine the error value P^. 

Thus, rather than subtracting a constant error value from each active pixel in the raster 
line, sloped error values are subtracted from the pixels depending upon the pixel location 
within each raster line. Such a sloped error line better approximates line noise that is 
non-uniform across a video ima^e than a single constant error value. 
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It is contemplated that various other techniques may be utilized to calculate the 
interpolated error values, delay the image data flow by one or more lines, and/or 
calculate the start and end=of-line error values, etc. Further, it is contemplated that the 
invention can be implemented with digital, analogue, or digital and analogue hardware, 
as well as software, firm ware, or any combination thereof. 

In addition, specific reference is made to correcting for line correlated noise associated 
with an amorphous Silicon flat panel receptor. However, it is contemplated that the dual 
reference blacklevel clamping technique of the present invention is applicable with other 
image receptors in the medical and electronic imaging arts. 

One advantage of the dual reference blacklevel clamping device and method for video 
line noise removal described above is the provision of a method and apparatus which 
utilizes two reference zones, one at the start of a raster line and one at the end of the 
raster line, to perform blacklevel clamping. Another advantage is the provision of a 
method and apparatus which utilizes interpolation techniques to cake a pixel's position in 
a raster line into account, when determining a line correlated noise-related error value. 
Yet another advantage is the use of a dual- reference blacklevel clamping technique in 
conjunction with amorphous Silicon flat panel imaging technology. Still another 
advantage is the use of dual reference blacklevel clamping in conjunction with medical 
fluoroscopic and radiographic imaging devices. 
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■ CLAIMS 

1. An imaging device (A) including a source (12) for generating x-rays, an image 
receptor (14) for receiving the x-rays, and an image processing subsystem (2$) for 
processing a raster line of image data (36) received from the image receptor. the image 
receptor (14) including: an active area (30), a first reference zone (32) bounded on a first 
side of the active area, and a second reference zone (34) bounded on a second side of the 
active area opposite to the first side, the reference zones (32, 34) preventing image* 
information from being received by corresponding pixel elements of the raster line. 

2. An imaging device as claimed in claim 1 , wherein the image processing subsystem 
(28) includes: means (42o0) for determining an interpolated offset value for each pixel 
element of the raster line to compensate for non-uniform line correlated noise generated 
in the image receptor (14). 

3. An imaging device as claimed in claim 2, wherein the determining means (42-50) 
includes: storage means (42) for storing the raster line; averaging means (44) for 
averaging the outputs of a first plurality of raster line pixels and * second plurality of 
raster line pixels; and calculation means (52) for determining an interpolated offset value 
for each pixel element of the raster line based on the average output values of the first 
plurality and second plurality of raster line pixels, and based on the location of each pixel 
element within the raster line. 
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4. Ail imaging device as claimed in any one of claims 1 to 3, wherein the image 
receptor (1.4) includes an amorphous Silicon-based flat panel image receptor (26). 

5. A rnechod of compensating for non-uniform line correlated noise generated in an 
image receptor (14) associated with an imaging device (A) including a source (12) for 
generating x-rays, the image receptor (14) receiving the x-rays and generating a raster 
line of image data, the method including: averaging the outputs of a first plurality of 
raster line pixels and a second plurality of raster line pixels; determining an interpolated 
offset value for a raster line pixel based on i) the average output values of the first 
plurality and second plurality of raster line pixels, and ii) the location of the pixel within 
the raster line; and modifying the output value of the pixel based on the interpolated 
offset value. 

6. A method as claimed in claim 5, wherein the image receptor (14) includes an 
active area (30), a first reference zone (32) bounded on a first side of the active area, and 
a second reference zone (34) bounded on a second side of the active area opposite to the 
first side, the reference zones (32, 34) preventing image information from being received 
by corresponding pixels of The raster line. 

7. A method as claimed in claim 6, wherein the averaging step includes: averaging 
the outputs of the raster line pixels corresponding to the first reference zone, and 
averaging the outputs of the raster line pixels corresponding to the second reference zone. 
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8 . A method as claimed in any one of claims 5 to 7, wherein the image receptor (14) 
includes a flat panel image receptor (26). 

9. A method as claimed in claim 8, wheroin the image receptor (14) includes an 
amorphous Silicon-based flat panel image receptor (26), 

10. A method as claimed in any one of claims 5 to 9, wherein the interpolated offset 
value is determined from the equation: 

- SOL,^ * ((p-*)/p) + EOLq^ * (P/p), 
where P is the present pixel; p is the number of pixels forming the raster line; SOL^^ 
is the average output value of the first plurality raster line pixels; and £01^^ is the 
average output value of the second plurality raster Hne pixels. 
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ABSTRACT 
X-T1AY IMAGING DEVICE 

A medical diagnostic imaging device (A) compensates for non-uniform line correlated 
noise generated in an image receptor (26). The image receptor receives x-rays 
transmuted from an x-ray source (12) and generates a raster line of image data. The 
image receptor includes an active area (30), a first reference zone (32) bounded on a first 
side of the active area, and a second reference zone (34) bounded on a second side of the 
active area opposite to the first side. The reference zones prevent image information 
from being received by corresponding pixels of the raster line. The outputs of a first 
plurality of raster line pixels corresponding to the first reference zone (32) are averaged, 
and the outputs of a second plurality of raster line pixels corresponding to the second 
reference zone (34) are averaged. An interpolated offset value for each raster line pixel 
is determined based on i) the average output values of the first plurality and second 
plurality of raster line pixels, and ti) the location of the pixel within the raster line. The 
output value of the raster line pixel is modified based on the interpolated offset value 
calculated. 



(Figure 2) 
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